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5 EXTRACELLULAR SEGMENTS OF HUMAN < IMMUNOGLOBULIN 
ANCHORING PEPTIDES ANt) ANTIBODIES SPECIFIC 
THEfiEFQR 

Background of the Invention 

The immediate-type hypersensitivities, such as extrinsic asthma, hay 

10 fever, and allergic responses to .certain foods or drugs, are mediated 
primarily by one isotype of the immunoglobulins,' is,, IgEL In an IgE- 
mediated allergic response, the allergen binds to the IgE which is bound to 
receptors on the surface of mast Cells and basophilic leukocytes (basophils). 
The binding of the allergen c&j&es efosslinking of the surface IgE molecules . 

15 and hence the underlying refceptors for the Fc portion of IgE (FccR), 
thereby triggering the release of pharmacologic mediators such as histamine, 
the slow-reacting substance of anaphylaxis (SRA), and serotonin. The 
release of these mast cell afixl basophil products causes the pathological 
reactions and symptoms of allergy. 

20 IgE is secreted by a partic^ 

on their surface. In individuals sensitized to specific allergens, the allergen- 
specific IgE is continuously produced by these B cells. Nevertheless, 
individuals who We no secreted IgE in their systems (and no IgE producing 
B cells) appear to live normaBy, Indicating that IgE is not essential in the 

25 immune response. IgE ma$ ; ^however, be useful in fighting infection by 
parasites. 
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It seems, therefore, that reducing secreted IgE by suppressing or 
depleting IgE producing B cells would be a viable; therapy for allergy. 
Monoclonal antibodies (and derivative and related products) which bind 
specifically to the IgE producing B cells could be used in such a suppression 

5 or elimination process. The immune system's regulatory, cytolytic or 
cytotoxic mechanisms can be used to suppress or destroy cells which are 
bound by monoclonal antibodies, or by the derivative or related products. 

IgE binds to the FceR receptors on the surface of basophils and mast 
cells veiy strongly, with an association constant, Ka, of about 1 x 10 10 

10 liter/mole. Even though IgE is not synthesized by basophils and mast cells, 
the very strong and stable association of IgE with FceR means that IgE is 
virtually always present and exposed on the surface of these cells. Thus, an 
immunotherapeutic agent targeting the IgE on B cells must not react with 
the IgE on basophils and mast cells, in order to avoid cross-linking this IgE 

IS and the underlying FceR and thereby triggering an allergic reaction. 

Summary of the Invention 

Immunoglobulins consist of two peptide chains, a heavy chain and a 
light chain. In IgE, the heavy chain is designated as the c chain. Membrane 
anchoring peptides extend from the C terminus of the heavy chains of the 
20 immunoglobulins and affix the associated immunoglobulin to the cell 
membrane surface. These membrane anchoring peptides can be divided into 
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three segments in terms of locations in relation to the plasma membrane. 
The middle segments have 25 hydrophobic and uncharged amino add 
residues, suggesting that they are in the membrane lipid bilayer. The 
C-terminal hydrophilic segments have 3-28 amino add residues, suggesting 
5 that they are intracellular. The segments toward the N-termini contain 
about 13 to 67 amino add residues, and are highly addic and hydrophilic, 
suggesting that they are on the extracellular surface of the plasma 
membrane. . / 

The extracellular segments of these peptides are unique for different 
10 isotypes. Therefore, the extracellular segment of the. e chain membrane 
anchoring peptide forms, in whole or in part, an epitope unique to the B 
cells which produce IgE. However, this membrane-bound immunoglobulin 
isotype specific <Vi^£s") extracellular epitope is not present on secreted, 
soluble IgE (or on IgE bound to the FccR) because only the IgE which is 
15 bound to the surface of B cells contains the membrane anchoring peptide as 
part of its heavy chain. The antibodies and other immunotherapeutic 
agents of the invention bind to the mips epitopes on the surface of IgE- 
bearing B cells. These B cellfr can then be eliminated or controlled by a 
number of immune mechanisms. These antibodies and other 
20 immunotherapeutic agents can be used in in.YIYQ or extracorporeal allergy 
therapy, and in diagnosis, as described further below. 

One advantage in therapy of these antibodies and related 
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inununotWpeuuc agents over those that bind epitopes common to IgE in 
b0 *h bound and secreted form,* that the latter will form. *n irr-nuire 
complex of antibody-IgE. Tbe immune a,n^ex may create problems with 
kidney or other physiological functions. 
5 ft has been discovered that because of dternative mRNA splicings, 

there are at least three different nucleotide sequences which encode for 
pcptidesmthemembraneanchormgregionofh^, chain. Tnededuced 

an^oaddsequencesencodedby^^ 

different, indicating that there are three different isofonns of the human e 
10 chain membrane anchoring peptide. 

The deduced amino add sequence of isoform I shows that it has 67 
andno add residues, and a 15 amino add peptide segment toward the N- 
■ terminus. This 15 amino add segment is proposed to be extracellular and 
toforn,entirel y orin-part,them^e P itope. Isoform Hfc* 119 annuo add 

15 residues, 67 of wHch^ 

• extracellularsegment Isoform HI, having 45 amino add residues, is secreted 
and does not have a membrane-bound extracellular segment. 
Brief Description of the Drawings 

Fig. 1 shows three different ■aKNA solidngs create toe 

.ndffl). ••■intatesastopcodontother^trarae. H* short solid- 
Mack segment at the end o£ the CH4 domain represents the G-tennimis of 
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a— add — 

>, ai n m underlined segment is the hyarop 

, • a™, n of the membrane anchoring 
arfueed an.no add sequence of « « * ■ 

. • fnrm ffl which is in the membrane 
anchonng region of human, chau. H. 

add sequences unique .o lsoformm- .^p^^obes 

15 * • .w^WTaryfordonescontannngthe 

-ch » b . — «-«— 7 ^.ndmembrane. 
^echain.en^raneanchoH.gpeP^^^" 

w a^ofBEMTtovariousm^pfPtiO"- Results 

. Amlic , M from one tepresentaove of three t**> 
M „e lie means of duplicates u !% tfc 

. j,ri.hi»donal human serum IgtW° ' 
ricrouter plates coated vn* ■ ^ 

„jgjj peptides, • mig* • 
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Fig. 5C shows binding of HEM7 to IgE-secreting cells as determined 
by fluorescence flow- cytometry. Fig. 5B shows binding of TBS-19. a mAb 
to secreted IgE (positive control), with binding at equivalent concentrations 
(10 m/nfl) to SKO-007 cells. Fig. 5A is control without antibody added. 
5 Fig. 6A shows the concentration-dependent binding of HEM7 to IgE- 

secreting SKO-007 cells at various concentrations. 

Fig. 6B shows the specific inhibition of HEM7 binding to SKO-007 
celUbymfc*-e peptide. • HEM7 and migis-e peptide; Q, HEM7 and nugis- 
Y peptide; * TES-19 and migis-e peptide. Values shown represent the 
10 means of three separate determinations. 

Fig . 7 Western immunoblotting analysis of membrane-bound IgE 
with HEM7. THe relative migration of the M.W. markers is shown on the 
left, and the positions of membrane bound e and secreted e on the right 
& serum IgE probed by polyclonal anti-e; L serum IgE probed by HEM7; 
15 * plasma membranes of SKO-007 cells probed by polyclonal anti-e; i. 
plasma membranes of SKO-007 cells probed by HEM7; * plasma 
xnembranes of SKO-007 cells probed by HEM7 in the presence of migis-e 
peptide at 100 fig/™ 1 - 

Detailed Description of the Preferred Embodiments and Uteir Manner and 
20 Process of Making and Using 

i. j fft ft f tftn r* ™ d wfr TT ^ iT1 mmpY fln< 1 piagTWSi s 

Membrane-bound iminunoglobulins on B cells differ from the 
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secretory, soluble immunoglobulins synthesized by the same B cells in that 
the former have an extra peptidic piece that anchors them onto the B cell 
surface. The membrane-bou^ immunoglobulins on B cells from different 
species, for which amino acidsequences hive been determined, have extra 

5 isotype-specific regions that mchor the imjnunoglobulins to the membrane. 
These peptidic regions have lengths ranging from 41 to 130 amino adds and 
can be divided into three segments. There, is a middle segment of 25 
hydrophobic and uncharged amino acids, -which is believed to be located in 
the cytoplasmic membrane bilayer. There is a Oterminal hydrophilic 

10 segment of 3-28 amino acid residues, which is believed to be located on the % 
cytoplasmic side of the inqenbrane. There is a segment toward the 
N-terminus of about 13 to 67 amino acid residues, which is highly acidic and 
hydrophilic and proposed to lie on the extracellular surface of the plasma 
membrane. 

15 The length and the hydrophilic and highly chained nature of the 

extracellular segment-indicate that this segment is exposed and accessible to 
antibodies. The antigenic elopes located on the extracellular segment of 
the membrane-bound region (if immunoglobulin heavy chains are 
designated herein as the m^s epitopes. The rofefr epitopes allow for 

20 developing several types of monoclonal or polyclonal antibody-based 
therapies and diagnoses for jgE-mediated allergic diseases. 

2. M^hrane An r Wnrfn f Pentides of B Cell Tdcmbrane-bfflffld 
Immunoglobulins 
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The amino acid sequences of ten membrane-bound immunoglobulins 
from several species have been previously determined. See Ishida, N. et al, 
EMBO J, 1:1117 (1982); Steen, M. L et aL, J. MoL BioL, 177:19r32 (1984); 
Rogers, J. et aL, CeU, 26:19-27 (1981); YamawafcL-Kataoka, Y. et al, Proc 
5 NatL Acad. ScL, MSA, 79^008-2012 (1982); Kamaromy, M. et al, Nuc 
Adds Res, 1L-6775-6785 (1983); Rogers, J. et aL, Cell, 20303-312 (1980); 
Bernstein, K. E, J. ImmunoL 132:490-495 (1984); Cheng, H. et aL, Nature, 
296:410-415 (1982). These sequences indicate certain common features of 
the membrane anchoring pe tides. As shown in Table 1, and as discussed 
10 above, the membrane anchoring peptide has three segments which are 
distinguishable based upon their locations in relation to the plasma 
membrane. 



Table 1. Key features and properties of membrane anchoring peptides. 

Number of Amino Acid Residues 

15 ' , ; 

Immunoglobulin 1* 2. 3. 4. 

Class/Subclass 

Mouse XgE2 19 25 28 72 

Rat IgE 19 25 28 72 

20 Mouse IgG. 18 25 28 71 

Mouse IgG,- 18 25 28 71 

Mouse IgG a 18 25 28 71 

Mouse IgG, 18 25 28 71 

Mouse IgM 13 25 3 41 

25 Human IgM 13 , 25 .3 41 
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15 



Human IgD 
Mouse IgD 



. have 13 aipino add residues (mouse and 

The shortest migis peptides have 13 «p 

^ SeeTableLlhe^pepudesofan—globuu^ 
human u chains). See laoie x. ^rirelv 

proposed that all «» m<g* peptides are exp 
accessible by antibodies. 



25 



30 



35 



Mouse igE 
Rat igu 
Mouse igGi 
Mouse l<3 G u 
Mouse igG*, 
Mouse igGs 
Mouse igM 
Human lg& 
Human igD 
Mouse lgl> 



S&mcae-akiwe-ij* 

rSSl- GTCAE- AQDGE- I£G 
W laE%. AEEEG' FEN 
BGEVH-AEEEG-FEH 
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Proportion of 
Addic Basic Polar hydropic hydropic 
££L Sam residues residues resWues 



10 



15 



20 



Mouse IgE 
Rat IgEl 
Mouse IgGj 
Mouse IgGj. 
Mouse IgGjb 
Mouse IgG 3 
Mouse IgM 
Human IgM 
Human IgD 
Mouse IgD 



10 
10 
6 
7 
7 
6 
6 
6 
6 
7 



0 

0 

0 

0 

1 

0 

0 

0 

1 

05 



2 

2 

4 

2 
1 
4 
2 
1 
8 
9 



12 
12 
10 

9 

9 
10 

8 

7 

15 

163 



63 

63 

56 

50 

50 

56 

61 

54 

56 

63 



Acidic residues: E (Glu), D (Asp) 



25 peptides. 

DN A ^ucncc correspond to the human e chain migii pepdees. One 
wt oa* U to ^ ^th d» ^« o. n^oma «U 
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, UA9 jL. or plasmids as cloning vectors. A 
Ubrarybycmploybgl^P^ 01 ?. , c 

• ^Kit.UrarianldeVelopedandcon.neraa^ 
library Construction System Kit uonu 

,San Diego CA). A stepwise detailed instruction manual is 
^mv.trogenCSanD.ego. ) . _ | V^^ ilnB d 
. , . fnr pMA isolation from cells, reverse mu»« r 
5 provided for RNAiso . neof cDNA ,clecuoelution to purify 

synthesis.Unkerligation.agarosegelsmogofcDNAe 

^ . tfe The vector used in this 

be screened with DNA probe A which is a U kb long u 

^ — -* - - °~t ~ 

. c probe B is developed t>y taraig 
distinguished by using additional probes. Probe B is 
distingue , ft u» nu domain is truncated 

v . A - j a Thft truncation occurs 

f the CH4 domain and the membrane-bound 
when the gene segments of the CH4 domain 

t a* C-termini also occurs with the 
domain are translocated, Tne loss of the C-termini 

inkniins. including e and u, which 

«, contain CH4 domains. From thepubbsKo 

„ «.ffl4 4-i*. moa possible splicing donor ... 
KVM ce.f noma, ,.CH4 donwn. A^oT.^hi* 
^o.GT.nbpyof^.ern^oncodonlO^Ano*. 
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u „* inTacdon and icss uke* • *«» ** » " ** 

.enntoui (24 bp S to Ihe termination codon). 

^e specific .ocation for probe B is indicated in Fi* 3* Probe B win 
,eact «ith the secreted ^ of *e . d* S— » ° - *» — - 

5 bound form of e chain gene. 

* v. r iTi B 3B) was based on the finding that the 
The design of probe C {tig- 

^e-nbtane segment of the men*^ anchoring peptides is ^ 

ce^edao.onga.U.einununog.^Ungene.sofatseouenced. T^eis 

. seg.cn. - P** - — ™ ^ 

» ^ in Tabic - consensu, DNA science witb *. «* 
combinations was used as probe C 
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The library size needed to done the membrane-bound « chain depends 
- on how abundant themRNA is. Assuming secreted IgEcoinprisesO^ of 
the SKO-007 poly A* RNA, the library size should be about 5.000 
independent lecombinant clones to have a 99% probability to isolate a 
5 positive done. In IgE-produdng rat immunocytoma IR2 and IR162 cells, 
mRNA for the membrane-bound form of c chain was found to be more than 
2% of that of the secreted form. Assuming this ratio of 
membrane^ound/secreted forms of c chain holds true for the human 
IgE-producing SKO-007 cells, the cDNA library size needed to isolate the 
10 membrane-bound e chain is about 250,000. In a preferred procedure, a 
larger number of dones (about 1,000,000) are screened. 

An alternative to the conventional approach of establishing a cDNA 
library and screening the clones representing the cellular mRNA spedes is 
to amplify the mRNA to produce high proportions of their corresponding 
15 DNA. The resulting DNA can then be purified by gel electrophoresis and 
then subjected to sequence analysis. The methodology, referred to as 
polymerase chain reaction (PGR) amplification, has been established in the 
past fewyears and complete systems induding reagents and equipment have 
been commerdalized. One preferred system is provided by Perkin Elmer 
20 Cetus (Norwalk, CT), and indudes the GeneAmp DNA Amplification 
Reagent Kit and the DNA Thermal Cyder. 

Some of the specific reagents used in this approach are the same as used 
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foms of « mRNA and DNA 

10 B Tie purified DNA's Me tben'subjeeted tp DNA sequencing- 

B - ""I"" 1 " ; , ^.MwoceouretnancDNA 

.„ W _P— ^^^^ 

oligo-priniers. . 

^ ^ * - *^ h " ,M,, * d 

, «KrnM^WDfe cells provided by Stratagene (La JoUa, 
20 using human lung fibroblast Wl^ ce Y 

• ,,mbda vector and the i&ertedDNAs have average 
CtCl The genes are mlaiiibja vector bi. 

sizes of 15K bp. Identification of the clones «a : 
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do, ^UUt.M CDNA. The location of «« f - 

^ . probe prepare torn the nomologons - *• 

^mbrane segment (probeCofFig^andWleA). 

5 of to gene encoding the membrane anchoring peptide is tea 

determined. 

3A . 33,^^60^^ Fncof l inpttiffMrmhrBTir. Anchoring 

rerttfe n f Hum?? g 01810 

Tie nucleotide sequence of genomic DNA encompassing the encoding 
10 segmermtotom^r^^d^P^derfnun^n^n^bW 

. chain »as determined by screening the human genomic library as 
described above. The sequences of Isoforms I, D and in are shown 
respectively in Figs. 2A, 2B and along with the deduced amino add 
setmencestopordonsofmemenArane^ehoringpeptJde. The assignment 

acceptors (as shown in Kg. 1) and by comparison . the published homolc- 

« ^-.^hrnne-bound e chain and of immunoglobulins 
gous sequences of mouse membrane-oounu e ui-uu 

Of other classes. 

»l^I.**p^^««"-* ,lta,,ll>, "■ ,, " 

20 adds^bymernbr^eexonl.as^by.n.boM.mced^ 
addsinFtg-ZA. Thisprecedesasuxtchot-^t^hyanvhobic^nino 
^(undcitoediaF*^) ^cnformtotrar^raneTegion. TWp 
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< ; „.r.tiH« flsoform I) arc shown below, 
possible structures of mfe* peptides ysoiorm , 



Structure I 
Structure II 

s 

Gltt ^.AspVal4s-Va.0 1 u< 5 ^<a»^<"" Ab ' K " 1 * 

international Application *o. PCr/US8«/Q470. describes how u> 

ot . human myeloma ceu Une which e^ftE on the surface, 
with DNA probes for the transmembrane region gene segment of e chain 

^ " B ° a ' .. .ho described ta International AppUcation 

An alternative approach, also descnoeo 

^U.eDNAse^enceo^e^^"^ 
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sequenced. 

Another alternative approach described in International Application 
No. PCT/US88/04706 is to screen the human genomic library. The gene 
segment corresponding to the membrane bound region can be determined 
5 with a probe prepared from the homologous mouse gene of the 
transmembrane segment, and the sequence of this segment is then 
determined. 

In the present invention, the initial nucleotide sequencing was 
. performed on the cDNA derived from mRNA isolated from human cells 
10 expressing membrane-bound IgE. A commercially available human IgE 
expressing myeloma, SKO007 (from the American Type Culture Collection 
(■ATCC) Roclcville Maryland), was used 

The DNA segments of cDNA regarded as pertinent to identification 
and characterization of the transmembrane regions of human e chain were 
15 amplified by PGR, as described further below. 

A instruction of a T ramfectoma ^pressing Chimeric IeE. 
Before proceeding to sequencing of the c chain genome, a cell line 
secreting a hu/mu chimeric IgE and expressing membrane-bound IgE was 
generated to use in determining the reactivities of monoclonal antibodies 
20 with membrane-bound IgE on B cells. For constructing the chimeric t and 
k genes, the constant regions of human e and % genomic DNA and the 
variable regions of genomic DNAs of the heavy and light chains of a 
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monoclonal antibody, BAT123 (specific to gpl20 of HTLV-D3B strain of 
HIV-1), were used The variable region genes of BAT123 bad been isolated 
from the functional heavy and light chain loci and used in the construction 
of murine/human (yl/ic) fusion genes for the production of chimeric 
5 BAT123 (hu y1/k). .See international Patent Application No. 
PCT/US88/01797. By replacing the bumanjr constant region with the e 
constant region in the heavy chain e^ressionyector, a chimeric BAT123 (hu 
e, k) with an antigen binding region derived from BAT123, was produced 
. in a similar approach. - 
10 A X phage clone containing the. human germ line e constant region was 
identified with a probe representing a segment of the constant domains 
(CH1-4) of e chain. From this phage, a 6.4kb DNA segment containing 
domains CHI to CH4 and a US kb 3-flanking sequence was subcloned into 
pUC19. By analogy to the reported mouse and rat e-loci information, the 
15 presumed membrane exons were ^esti mated to be located within the 1 Kb 
Sad fragment at the 3'-end of the c gene. The 1 Kb £acl fragment was 
subcloned and sequenced to establish the presence of any membrane 
exon-like sequences. 

The 6.4 kb DNA segment conuuning € domains CHI to CH4 and the 
20 membrane exons was linked to the BAT123 V H gene to give the chimeric 
mouse/human € gene. Tbisjchimeric € gene, together with the chimeric k 
gene, were co-transfected into 5p2/0 oeDs by electroporatioa The 
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transacted cells were selected by the gpl and neo gene activities in the 
. presence of mycophenolic acid and G418. The procedure Was similar to that 
described in International Patent Application No. PCT/US88/01797. 

Stable transfonnants were established and analyzed for IgE secretion * 
5 by EliSA, and for membrane IgE expression (by fluorescence flow 
cytometry). A clone, SB44 was chosen for further studies. The cumulative 
IgE concentration in the culture supernatant of the SE44 cells at ltf/ml was 
established to be 40 pg/ml. 

To test for Ig expression on the cell surface by fluorescence flow 
10 cytometry, cells were incubated with anti-human IgE antibody, and 
developed with fluorescein labeled goat (Fab'^ anti-mouse IgG. Cells 
Sp2/0, SKO-007, and chimeric IgE expressing cells were then fixed in 1% 
paraformaldehyde and analyzed on a Coulter EPICS flow cytometer. 
Fluorescence profiles for Sp2/0, SKO-007, and chimeric IgE expressing cells, 
IS respectively, were also run in the absence of primary staining antibody. Cell 
surface staining by anti-human IgE was estimated to be 60% and 50% for 
SE-44 and SKO-007 cells, respectively. 

To further confirm (hat SE-44 cells express both membrane exons 1 
and 2, the 1 kb SacI segment was separated into three portions utilizing the 
20 restriction enzyme Apal The two 250 bp fragments containing membrane 
exon 1 and its 5'-flanldng region were used as the probe specific for exon 1. 
The 400 bp fragment containing exon 2 and the 3'-untranslated region was . t 
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used as the exon 2 probe. - These probes wert used separately in! Northern 
analyses lo hybridize with cytoplasmic RNAs, Both probes yielded similar 
results and lit up messages of 3,QQ0 and 3,^ micjeotides in length for 

... „. <V . 

SE-44 and SKO-007, respectively. The observation that SE-44 cells 

5 expressed shortermembraneJgEibessi^ 

• . •: u-"" a ; 
Since there is no tennination/polyaidenylatidn (t/pA) signals within the 1 kb 

Sad fragment, the chimeric e gene used the SV40-derived t/pA signal 

present in the £21 gene construct for expression. The SKCMX)7 membrane 

.' ' . '•-.•f.-.Jus''- 

IgE messages probably represent the normal intact transcripts using the 
10 endogenous £-locus t/pA signal Sjhich is located 600 bp (estimation based 

on the size difference of the two ljLessages) downstream from the 3'-end of 

- > * 

the 1 kbSad fragment Northern analysis therefore suggests that both exons 
1 and 2 are transcribed in these cells. 

An identical Northern blorwas also hybridized with the c (CH1-4 
15 domains) probe. Transcripts bf approximately 2300 nucleotides in length 
were noted for both SE-44 and SKO-007, in addition to weak bands 
characteristic for membrane IgE-specific messages. 

Binding inhibition assays were used to demonstrate that the chimeric 
BAT123 (human e,ie) bound to g>120 with an affinity constant comparable 
20 to that of BAT123 or chimeric BAT123 {hi* yl, k). In experiments 
examining the binding of BAT123-HRP conjugate to solid phase gpl20 in 
competition with BAT123 itself, cniroeric BAT123 (hu yl, tc), and chimeric 
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BAT123 (hu el, k) the replacement of mouse C yl in BAH23 with human 

C yl or human e did not affect its antigen-binding affinity significantly. 

B. Clnninp and miriftntMe sf qitftndng of ftHhTA segments encoding 
fha transmembrane rerion of human r inmmnnriohlllin. 

5 In addition to SB44, the cell line SKO-007, which also expresses 

human e chain on its cell surface and which is a subclone of U266, was 

obtained from the ATCG U266 was a myeloma cell line established from 

a blood sample of a myeloma patient 

Total RNA was extracted in guanidinium thiocyanate from 5 x 10 7 
10 SKO-007 or SE-44 cells. The first strand cDNA was synthesized by AMV 

reverse transcriptase (life Sciences, Inc., Petersburg, FL) according to the 

procedure described by the manufacturer. 

The mRNA was reverse-transcribed using the oligo-dT primer into 

cDNA, which was then used as the template in PCR to amplify the pertinent 
15 segments covering the 3' end of the CH4 exon and the membrane exons. 

Several oligonucleotide primers, with the following sequences, were used in 

the PCR: 

#1- 5^GAGGAATT£TCGGTGCAGTGGCT-3' 

#* 5'-G^fiAAjS£.CTGGTGGAGCGTGAGTGGCC-3* 

20 (complementary strand was used) 

#3: 5'iCAC^AilCAGATGAGTK^TCTGCXXJTG03 
#4: ^'-fi rnAATTCG ATGCAGAGGCCGGTCCACG-3' 

(complementary strand was used) 

#5: S'-AGGGACTGCGGAGAGCAGCA-y 
25 #6: y<nXX3GCAGTCCCTGCTGCTGT-3' (complementary strand 

was used) . , , , 

(The underlined sequence is the introduced £coRI site for use in other 

studies.) 
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Hie major products derived from PCR were either subjected to direct . 
sequencing or cloned into a Bluescript ll vector. The nucleotide sequences 
were determined for several dones derived from each individual band. The 
electrophoretic patterns of the PQR products and the sequencing data 

5 indicated unexpectedly the existence in both $KO-007 and SE44 cells of 
RNA species other than the one derived from, the splicing of CH4 domain 
to the previously predicted me.1 and me*2 expns. When primers #1 and #2 
were used, the dominant PCR product was a segment originatiiig from the 
direct RNA splicing of CH4 domain to m&2, using the predicted donor and 

10 acceptor sites, leaving out the me.1 domain (]ffigi 1)." When these first-round 
PCR products were used as the template for a second round PCR using 
primers #3 and #4, two major products were observed (Figs. 2A and 2B): 
one originated from the splicing of,GH4 domain to me.1 using the predicted 
donor and acceptor sites and the other was from the splicing of CH4 to a 

15 previously unidentified acceptor site 156 bp 5* of me J (the segment between 
this acceptor site and me.1 is referred to as mcp). However, when primers 
#3 and #4 were used on cDNA as the template (first round PCR), the 
dominant product was a segment resulting from the splicing of CH4 domain 
to mcp (Fig. 2C). 

20 Additional PCR experiments using other pairs of primers also 

substantiate the observation of splicing from CH4 to me.p. When primers 
#3 and #6 were used, the majoirproduct revealed the splicing of CH4 
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aomain » resulting to *" e""**" * "* ■" U . 

^d, of the earlier predicted donor site * *. » -I - — - *• 

forms of mRNA's o£ < chain derived from the alternative splidngs to lb© 

S cne segment encoding the W** «— 1 CH4 - 

U^onn H contains B 

contains CH4-me.2'. 

10 r Jn1 H- -' - -"w 1 ' " Tlnrmnn Wottim inn** 

Experiments were also carried out to identity the specific mRNA species 
ta «. RNA preparations from SKO-OOT and SE44 cells by mRNA/DNA 

^rioization methods. =Mabe,ed probes with seances comply 
ttn *NAencodedinm^.m«. 1 .and m . 2 «^enU«e,.pr.paredb y PCR 

oCK^speciescon^^erepresenUd^- Ail these three probes 
were shown to hybridize with the mRNA from both cell lines on the Nylon 

* j in SE44 cells were all smaller 
membrane. The < mRNA spec.es detected tn SB44 ce 

than tit. corresponding species in SKO007 cells. 
20 Bcc.nseUobrmmUsubsu.ti^smaUer^an^lorn"- 
» „soived from Uofcrm I and/or U in tit. eU-rophoretic * the me.2 
probe revealed two bands, one with and one witboutweJ' (or ftcJ) con. 
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On the other hand, because the ffite.1 probe could hybridize with both 

► ' 

isoforms I and II, which were not resolvable in the gel, the Northern blotting 
analysis did not establish the presence of isofoon I mRNA/ In summary, the 
analyses with mcp and nvL2 ptobes suggest ^tomdncingly the presence of 
mRNA's of isofonns II and TO. ' In addition, the intensity of bands also 
suggest that the amounts of mRNA*s of these isofonns and their relative 
proportions are different' iti SKO-007 and SE44 cells. The results with me/? 
and me.1 probes indicate the SKO-007 Cells have more isofonns I/U 
(combined) than SE44 cells. The results with me.2 probe suggest that SKO- 
007 cells have comparable amounts of isoforms I/H and isoform in, while 
SE44 cells have more isoform IH than isofofrns 1/H. 

D. Predicted amino add sequences corresponding to me.p and mcT 

segments 

- 1 * r "* 

Based on the nucleotide sequences of the PCR-amplified segments, the 
corresponding amino acid sequences for isoforms II and III were deduced 
and compared to that of isoform L The reading frame of isoform U is the 
same as isoform L The extra 52 a.a* (bold-faced in Fig. 2B) lengthens the 
extracellular segment of the membrane-anchor peptide to a total of 67 sua. 
from 15 aA in isoform I (Fig. 2A). The omission of the me.1 (length 122 
bp, not a multiple of 3) causes the reading frame of me.2' segment in 
isoform III to be shifted (Fig. 2Q; the peptide coding sequence is 
lengthened from 81 bp (encoding jj a.a.) to 134 bp (encoding 45 a.a.). 
The corresponding peptide of isoform HI (Fig. 2C) does not contain 
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. h of 25 a*, thought to span the membrane lipid 
the hydrophobic stretch of 25 aA wou*» 

, This suggests that it is secreted, 

bilayer (the segment is encoded by «a> T»«W 

and is not membrane-bound. 

5 . ««. be used as immunogens. 

tildes an also be used, wnere "* 
MM based • <b« tan^o*"* p.p«« « 

immunogenic pepuae buu" . » __ v be 

thepolymerrepeatum _ shown above. Immunogenic 

. . tW ^ monomeric or dimenc form shown ao 

10 - Wtherthem ° nmaYbe in either the mono^enc or dimeric 

peptides based on isoform n may be m ei 

Alternatively. teoombinaW pepodes «— " 

. , ~.i TLorfflmayb«biosytitiesiKdby 

^ia^ot.u^oacceU.^.ene^.0 
more .ttecdve to " u. a proteu. amer. to examp 
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isotype.^ monodonalamUbod.es can ^ . 

»m m of the invention, however, 

^ » — W» * »* 

, • jmnmniziiiSimce for preparing spleen ecus 

^cation. * _ tomeinteM «*o«no 

, ™ cells themselves. Tr^fc*""^ «*» »' 
b e *e ^ * . rf ^ 

Reeling mouse myeloma « 

„ Cains and light chain, *** 0,1 

hMvy chains ana us» immmogens. 

^ he use* - *— ~ ^ ^ 

•= « .taextraceMarm^ep'"!**- 
Ut o toe immune spleen cells of m,c«»U. 

20 «Us. suchasl«.lor!.p/ mOT0C tonal 
A pretend «— — V te P anns 

.nabodtes is to inject into eacn m 
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the recombinant or synthetic peptides of^ 
adjuvant Two and four weeks later, the *me amount of antigen U given 
subcutaneous* in incomplete Freund's adjuvant .After about six weeks, the 
fourth antigen injection is given intraperitpneaUy in saline. Mice are 
s sacrificed 4 days after the last injection and lhe spleens are removed for 
preparing single cell suspensions for fusion with myeloma cells. 

Asimilar protocol can be 
human membrane-bound immunoglobulins (having attached membrane 
anchoring peptide segments) isolated from the plasma membrane of 
LO immunoglobulin-bearing human myeloma cells, such as IM-9 cells. When 
human irr^oglobmm-bearmgcema^ lxl0 ' 
cells are injected intraperitoneally.Jat two week intervals. 

The fusion procedure with polyethylene .glycol and other various 
procedures concerning cloning and hybridoma •culturing have been well 
15 established. The preferred fusion procedure ^weU-known one described 
by Hudson, L. and Hay, RG (Practical Immunology, 2nd edition, pp. 303- 
313, 1980, Blackwell Publishing Co, Boston). 

' Tie screening of bybridomas for, monoclonal antibodies (or the 

identificationofpo^ 
20 epitopes can be performed with an cr^^^^t^y 
(EUSAJmingthesyntheticpeptideasthesoUdphase^^ Apreferre4 
solid phase antigen is the conjugate of a peptide of the invention with a 
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carrier protein different from that used in the immunogen. such as bovine 
, penim albumin or ovalbumin. Monoclonal antibodies specific for a 
particular peptide of the invention (corresponding to one of the isoforms) 
can then be screened for specific binding to B cell lines and B cells 
5 expressing that isoform by using in^fluorescence flow cytometric 

analyses. 

Genera, to »>>°°*°» 1 '*** 

are first obtained will be murine-derived, and thus may be immunogenic or 
aHergenic in human therapy. It is therefore desirable to produce chimeric 
10 an^di.s(havir*anamn^wiablereglon^.»un M ^»^). 
or tt use human expression vectors (Stnuag.De Corp, U Ma, Odifcruia) 
to produce fragments of human antibodies (V» V u Fv Fd, Fab, or Ftab'W 
audtoueonslruc.wh.lehum.u.^abodi.susiug technic slndlar to those 
forproducutgcramericantibodles. In edition, on. can create antibodies in 

,5 w bich the enure consmt portion and most of to variable region are 
tamm ^ri,«d,»nd<uu»to ffl Ug«»bind^ sto isd«rived£rom«omeotor 

...ammal. Kiechmatu, U « A Nabrre 33*323-327 (1938). Further, 
o« can create single pepdde chain antibodies in «hicb to heavy and light 
cr^F.regionsareconnecud^Hnst.m.We.^^Nau.Acad.Sci. 

M U s A 8S S 879.5883(tf83).A 1 lofto«honya»d I ^yhun^anU^odies 

arc.essimmunogenic.hanrnanunan^ 

cnain antibodies are less immunogenic ton whole arfbodie, AH 
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these types of antibodies are therefore less likely to evoke an immune or 
.. .allergic response. It is noted that an immune response could deplete the 
antibodies which are admimstered before such antibodies could function to 

suppress the immune response. 
5 Monoclonal antibodies iv^tomm&V*^***""* 

reduce or eliminate the B cells expressing IgE by antibodysiependent 
cellular cytotoxicity (ADCC), complement-mediated cytolysis. or other 
cytolytic or regulatory immune mechanisms. - For example, antibodies of 
certain IgG subclasses, such as mouse IgG* and human IgG, and IgG„ can 
10 mediate ADCC carried out by certain Fc receptor-bearing phagocytic 
leukocytes. Administration of such mouse IgG fc anuTK.dies, chimeric 
antibodies bearing human y-t or v-3 chains, or human IgG x or IgG 3 
antibodies can be used to down*egulate «r-lyse B cells expressing IgE. 
Tnese antibodies will not bind to the secreted form of IgE or to IgE bound 
15 to the surface of basophils or mast cells. 

The mAbs of the invention can also be used as targeting agents for 

cytotoxic cells. 

He mAbs of the invention «>"> »» "* d M ^ * 
*v - «" " efteUbr * *" 

kill B cells producing IgE/butiaotB cells producing other isotypes. 1T.es. 
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abrin.ricin,£!aulkanQMSt«^ 
• • • tricathecuins. radioactive nudides. and membrane enzym^ (such as 

phospholipase). 

Tte antibody and the agent can be conjugated by chemical or by 
5 genetic engineering techniques. The toxin-antibody conjugates may be used 
alone or in combination with the free antibodies of the invention. 

The antibodies of the invention (and the toxin conjugates, fragments, 
and other derivatives) are administered systemicaUy, and preferably 
intravenously. They^beadnunisteredmanyphamaceuti^ 
10 vehicle. 

Another therapeuticalternative involves active immunization, wherein 
antibodies specific to the mfcu-e epitopes are endogenously produced in 
4B, Theseendogenouslyproducedantfl^iesbind them**-* epitopesand 
cause destruction of the associated B cells. Production of such antibodies 
!5 canbemduc^eimerbyadnunisteringanto 
' invention, or a parade-specific, anti-idiotypic antibody. Anti-idiotype 
antibodies against the paratope of the antibodies of the invention bear the 
internalimageofthem^-e epitopes. These anti-idiotypic antibodies can 
be used to actively immunize against the mfcfr-e epitopes and induce the 
20 endogenous formation of antibodies against the mfeis-e epitopes. Such 
paratope-spedfic anti-idiotyptic antibodies are administered to a patient in 
an immunogenic amount suffideht to induce the formation of antibodies 
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tkKIlxm ^ antibody 

fragments, v H , v u r Y » ~» 

r^rtainfectors,suchasgratifiocyiein 7 

vs ...iv fM-CSIO. are known to 



i^Hnrnianne factor (M-CSF), are known to 
(GM^ormono^lot.y^latmgfact 

-,i v,!^ iftdoolnBthose mediating ADCC to 
. induce the proliferation of leukocytes, ir*l^ _ 

™ rSFandM^CSFhave^eenshowntoaugmentthe 
in vitro experiments, GM-CSF anfl m ^ 
, nrr activity 00 tumor cells meow"" w 

10 ADCC.cnv.ty . k ^, TOetheraI)e utlc effect of 

to surfcc m ti^m express » ^ TOe P 

tareeted IgErexpressing B ceus. auw. , 

targe ,: a s moiety having antigen speafiaty 

20 indudetwodifferentFabmoieties.oneFabmo^h vmg 

- . nhooes. and the otherTab moiety having an*gen 
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While monoclonal antibodies of the tnven 

• »,«! the o^odo.al »Ubo«« of ft. ta^o- 

«i „,*{v n t«d T cells. The profile 
.ntors. Such cells include macrophage and activated T cells. 

- onrihodies can be used in 
portionofBcellsbearinglgE For this purpose, antTbod.es can 

.hicb are used to determine cett surface aniens. In 
standard assays which are useu . 

„ ^arecontacten^asarnpleoftheleuko^tobe 

20 general, the anubodies are con . _ ^ 

, Prions which allow the antibodies to bind IgB-beanng ce 
tested under conditions wmcn *n 

w We ^«*»«^ ta,,iBdi,,e,,£a,,,ib<,,,ir 
in the sample. The ceus ■« 
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. fluorescent., ^ second -M - * 10 «"* 01 

antibody. 

^ ..onodo^ (or pCydon*) -I*** ^ 
5 fc— • — ^ - * 

„„,» be _« ■ • 

^ . determine **> to "* $K °" 

M7 mveion* ecus. W-b^ B c*. -< «*"»- « 
10 ^/tnurinec^rtcU* m-^H*—— ' 
^shownr^inF^. *fi^»-*.M-«-" -**'"» 

synthetic misb-« peptides soluble ^ 

The Reactivity «°< "W* 



15 



20 



ELISA 

Synthetic wfeii-epeptW e + 

Soluble IgE " inununofluorescence staining 

SKO-007 myeloma cells ^ + " uu _ 

i mTrimmti ™ th Anhmiafadrifc 
» substances and methods of the invention are ulcely to be tested on 

^monoclonalanul^ 
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, ,„rm. An experimental model system for studying asthma 
a more serious form. An expend 

5 ^ been established in rhesus monkeys. 

AsmaUpornonofrtes^ 

10 10^.586-593(1976). 

dances of this invention can be tested in 
The various substances oi uu» 

f-m The ascaris sensitive monkeys are 
asthma/rhesus monkey model system. The ascans 

,„r«mtrol treatment and measurements 
given the experimental treatment or control trea 

are made to determine: 

p,) Does the diculatmgleEoedine' 

(c) DoU-edrcuU^IgEWnaB^dedineV 

B Mmwr ir.irflg1 ^ tem 

. * ,,11* and IgE, the mouse can serve as an excellent 
depleting IgB-beanng B cells ana igE> 
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modeL 

^ «^h*»-i*+ IT*.*"- 

acid residue peptide is: 
5 Glu Leu-Asp Leu-Gln-Asp'Mu-Cys He-Oiu u 

<31ui*u<31u01u 1 

Leu*l#s residues at the Q-tenninns- 

^ peptide at* its KI* ^ » - - » 

, rahhia »d 8 oats. * — - » 

MU ^ i esa r epuH fi ed^.c d u M o t Sep taro se4B«. n iu 8 ated„« ltt .e 

pep.ae <wi«. L-*'— ^ - *** «— «— — 

— N«^ n a.^ m i^^^M OTta,raPMi,0M>11, 

W with the puxhled <»' •* ^ X * 

H peptide — — 

^ ^ .ice are prefer., «--- - *• — "*~ 

« <h. «dce nay also be challenged by Infecdor. with a 
After the treatments, the mice may 

He questions to be ad<lressed include to lMC 
W i^thetotdlgEtodrMlatioadeclme? 
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decline? 

po^andlgOspe^clbrthen^e^pepuac 

different effects? Tbt purpose 
effect 

but not IgM, is known to mediate ADCC 



(c) 



cause 

ofthistestlstodetennlnethe 



ofAD OC on the depletion of I^be.ingBceus. IgG. 




6 tinuT Trnttoriw r ^ 
the antibodies. , ^ _ f mast cells 

w^ 18 "*. ... ^^^^ 

20 horses). ine . BS carrier agents 

4c m ^; atmE an immune function, as earner a* 
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targeting agents for cytotoxic celte. 
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A. iSkimhonW 1 ' liprnin — - ^ human 

^ c of certain IgG su%ses, such as mouse lguza 

IsOianoIgQ^^usedto^ ^^^ory 

^compiemen^^ 

These aatfbodies can ilsoue usea » 

.ri-nts afflicted wilk IgE-m«dM»«l 
W, ^bodies to pa«n« - 

— ^^^^^^ O.--.— 
„ e coDcenBaled- H«= USE*?** 1 _ rlccesstofll etBSopWb 

a altered ocular*, ^^peuttca.* to bum** 
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AntK and horses. For 

. deluding cbta«* antibodies. •» ' ,lrfOTe4 
talents) inctodmg cnu» .^.tamiin 

^ti«.pi««»toyu*1n.antibod,«.f F0[ 

. •* cnwUional deseositoauon .^monotherapy. 
to combination «* rf ^ tocw tf»n=tionwith 

10 *e nation of — ^vr+ma* 
discussed abo« » — * ^ 
• • ,w«IiiOPtodiictionagainsttlieauerge ' 

^sncn^^ctionn^bcmo,.^ f 

^ rinn B cells ate substantial* depleted. Toe co 
^eolgE-produca-gBceUs tmlltmWm **«+-V' 

15 anO.ooVandde^^on^U^ ^ 

peptization eftec ma, 
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' E ° lBn£il, ^ C£ , ^.epi^pe^coK.nodonaiantibodies. 
^^penticeBectof^^^ 

ontihodY-immunotoxiii conjugates iu 
polyclonal antibodies or antibody immuu 
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aUergiesshouldbeei*^ 
.. augment ADCX: activities, such as GM-CSF (granulocyte monocyte-colony 
stimulation factor) or M-CSF (monocyte-cqlony stimulation factor). 
c TmTT11ir ^-n, sn rnfir f n r i f F-?r^" rfng ^ 
5 Antibodies specffic for a m^eephop^ 

m0 re of the inmmhotorins not* above, thereby forming an antibody- 

taunofoxmc^n^ ^ 
in^unotoxins may be used aloSe or in combination with free antknfe* 

antibodies. .% . 

10 p. FTftmc^^" 1 Treatment' 

While the m^.cspecific monoclonal antibodies can be used for inafc* 
therapy they may also be used in extf a^rpor^ jHte therapy. The IgE 
in the circulation of allergic patients tan be removed by an affinity matrix 
; (antibody immobilized on a solid phase) that is conjugated with the 
!5 *onodonal antibodies of this in^*^ antibodies may leak out 
from the affinity column and enter into the circulation of the patient, the 
m0 nodonal antibodies of the invention are preferable to other antibodies 
that can induce histan^e reh^e 

7. niagnosticJIses 
M Another use for the ■ **» " «« 

numbers «nd restive proporf^ of IgE-beadng B ijrmpboc^es in mixed 

^epopulauons. TOe,^ 
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which bear secreted immunoglobulins via such cells' Fc receptors. Such cells 
' mdudemcrop^gesima activated f cells. The profile of the B cells may 
indicate the immune status of the individual. The sanw information can also 
indicate how much antibody is needed to deplete a substantial portion of B 

5 cells bearing a particular isotype, where some of those B cells are tumorous. 
For this purpose, antibodies can be used in standard assays which are used 
to determine cell surface antigens. In general, the antibodies are contacted 
with a sample of the leukocytes to be tested under conditions which allow 
the antibodies to bind fcotype-bearing cells in the sample. The cells are then 

10 examined for binding of antibody. This can be accomplished by 
conventional cell staining procedures, for example, a fluorescenuy labeled 
second antibody can be used to detect binding of antibody. 
The invention is illustrated further by the following examples. 

Example L CONFIRMING MONOCLONAL ANTIBODY REACTIVITY 
15 WITH MIGIS't EPITOPES 

Two different mAbs to the mfefr-e epitopes were prepared. The 
preparation procedures are described below. 

A. Fn T«""f Mc mfHlltt" 11 Antibody F46-13-3 
Monoclonalantibodiesagainstanepitopeumquetome 

20 but not secreted IgE (isofo^ 

preparing hybridomas, as described in the Detailed. Description of the 
Invention. The irnmunogen for immunizing. BALB/c mice was the above- 
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• „ «f fusion wells, the human mips-* peptide 
For initial screening of fiision weus, 

v t^s-Val Glu^lu Ala^lu-GlyGlu-AlaPro Trp 
5 Giu-Leu-Asp-Val^sValG 

.. merized was used as citing aatigcn for ELISA. in 

dunerized.was - ^ flt her peptides and cells and 

characterized in additional assajfs with other pepUd 

control cell lines. ,u resulting from two fusion 

From the several thousand fusion wells resulting * 

1 *«. «46.13-3wasfoundtonavespeaficityfor 
experiments, one bybridoma clone E46-1W was 

the mfeis-e peptide (Table 7). 

jftBLB T. _ to Human mfe&-« 

SpK mc Bin<U» 8 A-* E4«-B » 

Peptide In EUSA. 

migis-* peptic - ovalbumin 
HTV-1 peptide* -ovalbumin 

peptide- Kilt 

HTV-1 peptide - KLH 

of HTLV-fflB strain of HTV-i. in» r f 

mono clonal antibody- ^ W re further analyzed for 

E46-13-3 and other monoclonal antibodies were 



10 



1707 
0.011 
Z773 . 
0.002 
0.0Q5 
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Sp 2/0. ft. ~ fM _ ^ ^ a,* „ *. ecu 

. m q cell line, which expresses i B 

m0 us C IgG using ^ EPICS system _ 

^. Uvc cell sUMng studies of E46-13-3. 

Control Monoclonal antibod 

10 Cells E46-13-3 Monoclona l antibody Monoou 

58.1 

- QS 58.1 (anti-lgE) 3-6 

SB44 3 J5 0 

Sp2/0 85.1(anti-IgG) 

IM-9 w , _ 60.6 

15 IM-9 coated 843 (anti-IgG) 0 
withlgE 0 

dakiki" 
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from ATCC 

. nn W-Siema) or with ovaiounu" v t> 
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these conditions more than 90% of the peptide ;was cross-luiked. 
. BAlB/cndceweretheniminuiu^ 

with 100 M5 m^-cKLH % FTeund's adjuvant 4 times and then 

intraperitoneal* tw^^ 
5 SE44 mouse myeloma cells (which express human IgE on the cell surface). 
Spleen cells were fused with Sp 2/0 cells using polyethylene glycol 
(Carbowax, Fisher). . Supernatant* of growing hybrids were screened in 
enzyme-linked immunosorbent assay (OiSA) for reactivity to m^-« 
ovalbumin. Positive wells were then tested for ability to bind to cellsurface 
10 IgE by indirect immunofluorescence flow cytometric analyses. 

H,e HEM7 bybridoma secreted an antibody showing specificity in these 
assays and was subcloned by limiting dUution. Antibodies from culture 
supernaUntswerepurmedr^protemA^ep^ 

The purified mAb HEM7 was analyzed for specific binding to the mfcis-c 
15 peptide and to mlgE. The mfc* peptides of the four other heavy chain 
isotypes (IgG, IgA. IgM, and IgD) were also synthesis and the reactivity 
of HEM7 with these peptides was examined. These mfcir peptides are at 
,east 13 a.a. long and apparenu^byd^ « * 7 "** 

adds. Tta^^pild-^.l^^-^^ - ^ 
20 mfr-» and migis-y are the most homologous to mfefr-e. 

In the EIISAnricrotiter plafcs (Immiflon^Pynatech) were coated at 1 
ug/ml PBS with peptide, and the mfcfr-M, "*Mr. migfs-6 
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~ flow cytometric a^J* 
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^tad .id. anybodies and Ouprescence o»anutated * ^ omeBy 
(EPICS-V, Coulter Diagnostics^, Peripheral blood r/mphocytes and 

mme ^ ****** totm;******"*' T " xmxot 

surface markers was confirmed W *Ab »!--» ^ te 
5 , g E(HP(^).IgO(HP604.),W^ 

from Zymed). and to other ieukocy. surf*, markers (CD4. CD.4. CD45 
anad CD23) (fromBecton-Diddiison). 
toMbWon of binding ol.HEMJ «o SKCM07 cefls by .» was 
assayed. These assays were performed by probating the mAb 
» HEM7 or TES-19 (30 «/W> wnb -* W«- te lh ° n ta **" 
were added to the mixture. 

HEM7 was able to bind to sfco-007 cells (obtained from the ATCQ as 
shown in tie flow cytometric profiles in Figs.' 5A-SC In this 
^ofluorescencestaininglmU.gramofSKOWTcensu^g^n^b, 

j5 i, can be seen that ft, fluorescence of SKW07 cell population 

shifted to higher levels,' Seating that au cells are reactive with HEM7. 
He immunofluorescence staining is comparable to that observed with TBS- 
19, , mAb specific for human IgE, used as .positive control. 

Maximal binding of HEM? to SKO-007 cells could be achieved a. 10 JO 
20 ng/ml (Fig. 6A). Furthermore,, the binding t>f HEM7 to SKCW.07 ceUs 
cou!d be near., completely inhibited bj « 1 " 

. concentration .ppro^tejy m .be andbody present (Fig. ffl). 
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m „«. the ^-r *• ^ *»° btodbs "t^** 1 

the binding of TES-19 raAb «° SB>W wUs - 

HEM7 was also tes«d for Us abffiqr to bind to human ceUs bearing other 
5 8urf acel. ^U-e^^^H-^HE^—^ 
bta d to SKO007 ceUs and ,o *« related U*6 cBs^ bear -W bu, no, 
tt Bc«nun««pr^I e M.IgD.I 8 Q.«^^'^» to '' MM,bi,,d 
„ „, other cells tested, including a T cell line, a *pnoc*e*e cett line, 
and peripheral blood mononuclear cells (IiWe »)• 

TABLE 9. 

in 

Reactivity of ^ Ah HEM7 v/ith v ™«m human ceU types' 

■ ' ' Positi 

Cell type 

SKO-007 (myeloma cett Une) fc| 
U266B1 (myeloma cell Une) * 
15 HA-9(B1ymphobU*tlme) . .Jt^ 

RPMI 1788 (B l^oMo* 
DAKKI (B lymjhcblast Une) rT)4FCYR 
CCRF-CEM (Tlymphoblcst rcy* 

fintr) x CTiTi 

20 U-937 (Mo«JO<e^ 
Peripheral blood 
lymphocytes 

Peripheral blood monocytes 



25 



30 



•The react!*, was. ' ^S^\£S^t 
Juuunonuorescence staining -jJ^^Sw detennlned as the 
Sibed above. The P^™* ^^eHelels above a set threshold 
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within the variability of the assay. 

mspecfficto^ 
inununoblotting analyst using the plasma membrane fraction isolated from 
disrupted SKO-007 cells. The Western inmtunpblotting was carried out as 

5 follows. 

Proteins in purified po^altaian serum IgE (0.1 Mg, Ventrex) and 
a plasma membrane fraction from SKO-007 cells (25 were fractionated 
on 10% SDS-PAGE and electrobkKted onto nitrocellulose. The filters were 
incubated with either peroxidase^onjugated polyclonal goat anti-human c 
chain at 25 or with HEM7 at 25 *g/ml. followed by peroxidase- 

conjugated goat anti-mouse IgG, and TT^with membrane enhancer 
substrate(enzym^ 
Perry). M. W. markets were trim BioRad. 

of .bout (KM* (M.W.):.HE&««ed W» only tie W S ner ^ band 
(Fig. 7): These "suits suggest «W the plasma membra* prqaratkm was 
conned wittseaetedlgE^ 

band state*. b, go* and-horoan « and that HEM7 reacted on* with the 
m embrane*ound form of . ihaU, *«• * » ^ 
beams, it contains the «** rn^rart^mchoring segment Again, the 

t^bMl'-d- of HBI47 «"°" to to *» 

nitxocdlulose membrane could be inhibited 'b, the peptide (S* 
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comm. . of Fig. 7). Inununobl^s of polyclonal 1— serum-den«d IgB. 

membrane fracuons from a control cell line (IM-9) secreting IgG. 

HEM7 was also checked to determine if It would cause histamine release 
5 ^p^po^b«n B n W oodb^hus.«h 1 *«lb^^«n«r OT *» 
indhiduais. Each assay was run ustag various concentrations of TES-17 
mAb (a mAb specific for human IgE which induces histamine release from 
.eukocytes) aod HBM7. Polyclonal antibodies to human IgE (which also 
Induce histamine release) served, in addition to TES-17, as an additional 
10 posinve^G^ann-utouselrO^^ed^someofrhe^asan 

enhancer. 

It was shown that HEM7 did not cause histamine release in a mAb dose- 

dcpeuden. fashion, irrespective of whether me enhancer was present. 

Example IL CONFIRMING *"*^*^^] T 9JS?' " EXISTS, IN VtVO, AND 
, 5 P THAT IT IS MEMBRANE-BOUND 

The predict isoform n comalns 52 addition* amino adds between Ce4 
and the 15 amino acid segment bound by HEM7. Monoclonal and 
po.vdonal antibodies were prepared «o 36 amino acid synthetic peptide 
corresponding «, residues 6 to 40 of the 52 amino add segment Both in 
20 ^sAandooimmunoblou.theau^ 

bu, no. with IgE from culture supernatant*, suggesting 4a. Isoform H 
^uon cells and is notsecreted. Moreo™r...immunoblo B .«be 15 amino 
«id band recognM b, HEM7 omigra.es with Ota. recognized by fte 
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^^JSaand peptide 

- J': - U.. PPtt 



^^^^ -^"^ 

the mRNA with CW-me- *f d ^ 

. , ate and the conventional c chain o 

containing one or two « 2 cnam* 

containing only . chains are IgEv t 0 e concentration was 

/ woKnnt 10-20 times avcrage^w^ 
about lug/ml (at™ 1 ;. . ptale was 

fro^ese cells «SP«P»^^ '. 

, „ PCR vrcs perform » ° t :«" ,n * ni ' *" 
gM e«t«d, PCR p. ^ ^ ^ 

^ to CH4 ooo-ain h«tesis'and the DN A in the 

_ *. the -*« 
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» . j Th-oemlde had the sequence: 
mL 4r , EAPDU>R LHQBPPAPRlAAGHSRSTOPS. 

JTJtl * - • — — t 

t ,„ , „ determined on tmmunoblots. 
specifically. These o*te also bound to e, as detemuu 

^^tounniunterabb.ts. 
« H.eEZTpeptide.coojugatedtoKLH.'ras 

15 toe pf ,„,OT«ie affinity purified by a small 

Tb^esuidogautibodles specie for E2T«« " 

• ^l^eU.eu^.BUS.a.hn^hl^a^^ 

20 to the EUSA with «*E2T as the sendee 

a-i— — ^ 
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absent in the media of SP2/0 cells and of CAG1-5M cells. 
.. since the variable regions oftte heavy and the light chains ^nd the 
antigen specificity of the chimeric IgE (e, *) secreted by SE44 cells and of 
the chimeric IgG 0 secret by CAG1-SW cells are identical, the 
5 bmdmgofthe«,cl^o^^ 

to the solid phase w, not due tq the variable regions. The * chain in the 
culture supernatant of SE44 cells did hot bind to rabbit antibodies specific 
for an irrelevant antigeiL 

recombinant «. .tain. The re^inant ^ 
domain to *. wm^*^***?* *•*»•* inBaii and 
purified by affinity eotann, An>EUSA showed that mAb EU-4-70, which 
reacts wi&«i chain, and ntAbrEBN^, which fa specific for the e*n>eeuul« 
15 15 aju segment of the men%ane anchor peptide, reacted with the 

' recombinant ... white -W^« ««■ ^ ^ ^ *" ** 

c^asmic segment of ... which is encoded by the same ewm as E2T but 

^ing . different ****** »< ?—»-'* h f"' m,i ** ** 

« a*fc«.■--^ w .*' l,, ^ - "* 

20 EOT. was no. ..possibly shed from the cdlulir pl^ membrane. 

The IgE secreted by SE44 r cells into the culture medium was affinity 
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purified by a mAb, lES^l, which Is presumed to be specific for CH 
domains of IgE. the purified IgE was gel electrophoresed with orwitbout 
treatment of reducing agents, transblotted onto nitroceUulose filters, and 
reacted with various antibodies to be studied In the blots transferred from 
5 a nonreducing gel, both horseradish peroridase<onjugated goat anti-human 
IgE and anti -E2T stained a band of about 200 Kd. indicating that «, chain 
was present in IgE molecules and not as single chains. In addition, both in 
the reducing and nonreducing conditions, anti-E2T reacted with substances 
with M.W. at the higher end of those bands stained by goat anti-human IgE. 

10 F*T" valents 

Those skilled in the art will recognize, or be able to ascertain using no 
more than routine experimentation, many equivalents to the specific 
embodiments of the invention described herein. Such ecpiivalents are 
intended to be encompassed by the following claims. 

15 
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PI AIMS 

1. An antibody preparation wUch binds spedfically to Immunoglobulin 
bound to the membrane of IJ cells but not to the secreted form of the 
immunoglobulin. 
5 2. An ai*flK>dy preparation rf^^^ 
human IgE. 

3. An antibody preparation of Claim 1, which is monoclonal. 

4. M antibody preparation whkbspw 

at least in part by the membrane anchoring peptide of an 

10 immunoblobuliix. 

5. An antibody preparation at Claim 4, wherein the inmmnoglobuUn is 

human IgE. 

6. An antibody preparation of Claim 4, wherein the epitope is located on 
the extracellular segment of the membrane-bound domain of an 

15 immunoglobulin chain. 

7. Monodonalauti^odywWchbmdstohunmlgEonthe 

cells but does not bind to human IgE on the surface of basophils and 
does not bind to secreted, soluble IgE. ~ 

8. TnemonodoiialanttT*^^ 
20 antibody fragment ^ 

9. A chimeric antibody which binds specifically to human IgE on the 
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surface of B-cells, but does not bind to IgE on the surface of basophils 
and does not bind to secreted, soluble ifr ihc ntoo* h*^ * 
murine antigen binding region and a human heavy chain constant 

region. 

5 10. A continuous, stable cell line which produces a monoclonal antibody 
which binds to human IgE on the surface of B-cells but does not bind 
to human IgE on the surface of basophils and does not bind to 

secreted, soluble IgE. 
11 AceUlmeofaaimlO,whichisahybridoma. 

10 12. Isolated DNA comprising functionally rearranged genes encoding the 
variable region of a light or heavy chain of an antibody which binds to 
IgE-bearing B cells but not to basophils or to seaeted, soluble IgE. 
13. A DNA construct comprising the DNA of Claim 12 linked to DNA 
encoding a human light or heavy chain constant region. 
15 14. Amyelomaceutransfe^ 
seaetes a chimeric antibody. 
!5. Monoclonal auti-idiotypic antibody specific for the parotope of an 
antibody which binds to IgE-bearing B cells but does not bind to 
basophils or to the secreted, soluble form of IgE. 
20 16. An parotope^ecific anti-idiotypic ^ antibody of Claim 15, which is a 
chimeric antibody having an antigen binding region of murine origin 
and a constant region of human origin. 
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' binds .„ .^producing BceUs bat doe, ■»* Mna to ImopnUs or to 
seaeted, soluble IgE. 

*. pou, conslsong of «tb»* « dOTta - 
j 5altol!isJS rt, oiphtneri. toan, poke™* an*rW peptide, 
.ricafceeurns, mdioacUve ondides. and tnernbnrne tyfic enzjrmes. 

10 b ^,oI^prod»d»gBl^lK»<7.»Wdo« n o.biod«, I n a ac«Us 

or basophils or .o «** W - » — - •**« 

agent which binds to a rector of a cytotoxic cell. 
21. Abi^cmol^.faataZO.whid.is.H^c-nibody. 
22 a peptide having an amino acid sequence corresponding to the 
, 5 ^cellular^ntof^rn^bran^onndcWnoflgBonto 

surface of B cells. 
23. A peptide of Claim 22, having the amino add sequence: 

Glo-Uu-Asp-Val^a^^ 

and modification of the, peptide .hich do not substantiaily alter the 
20 immunological properties Jhereot 

24. A monoclonal antibody or an antibody fragment reactive with the 

peptide of daim 23. 



WO 91/11456 PCT/US91/00491 

58 

25. An c immunoglobulin membrane anchoring peptide resulting from a 
mRNA splicing other man the splicing of the Ce4 exon, the end eion, 
and the em2 exon. 

26. A nucleotide fragment coding for the peptide of claim 25. " 
5 27. A peptide segment having the sequence: 

GIAGG^QSQ«APDRVLCHS<K5(XK5Ii I RAA<5GSVP- 

HPRCHCGAGR-ADWPGPP and modifications of the peptide 
which do not substantially alter the immunological properties thereof. 

28. A peptide segment having the sequence: 

10 GAAVP LSHAA-GEAPD LPRLH QRPPA-PRLGR • 

GHSRSTRPSF-FSASA and modifications of the peptide which do 
not substantially alter the immunological properties thereof. 

29. A nucleotide fragment coding for the peptide segments of claim 27 or 
28. 

15 30. A DNA fragment including the sequence: 

GGCTGGCTGGCGGCTCCGCXjCAGTOCCAGA* 
GGGCCCCGGATAGGGTGCTCTGCCACTCCG-GACAGCA 

GCA<JGGACTGCCGAGAGCAGCAG<5AGGCTCTGTCCC 
CCACOCX:CGCraCXACr<3TGGAGCCGG<5AGGGCTGAC- 
20 TGGCCAGGTC-CCCCAG and corresponding sequences which code 

for the same peptide. 
31. A DNA fragment including the sequence: 
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GrGCAGOGOTTCCnXTrCAGCCACGCGGCAG' 
GGGAGGCCCCAOACarCCCr^OACTACACC.AACGTCCr 

' CCAGCCCCACGC<rrAGGCCGCG<3G<^CTCACG<TCCA 
CCAGG •CCCAGCTTTT'TCTCTGCCAG -CGCCTG A and 
5 corresponding sequences winch code for the same peptide. 

32. Monoclonal antibodies to the peptides of claim 27 or 28. 

33 . The monoclonal antibody of claim 32 which is human or chimeric 
murme/human or an antibody fragment 

35. An anu-idiotypic antibody to the antibodies of claim 32. 
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Fig.2A 

CH4 domain - | me. 1 exon 
IsofonnI -OTAAAT-CCC-G AG-CTG-GAC- 

V N P E L D 

GTGTGC<jTG-GAG<3AG<5CC<jAG<jGCOAG<jCX5CCGTGG. 
VCV E E A E G E A PW 

ACGTGGACC<3GCCrGTGCATCTTC<KX:<}CA-CrCTrC- 
t w T n t. c I F A — A_ — L F 

CTGCrCA.GC-GTG'AGCTAC-AGCOqC-dtecrCACGCrC- 
■ T.- L S V SYS A A L 1 L 

jme.2 exon 

CTCATG<JTG<^G<:GGTrC<n , CTCA<jCC-ACGCGG-CAG- 
LMVQRF LSA T RQ 

GGGAGGCCC<^GACCTCC<nx:<jACTAGACX;-AAC-GTC- 
G R P Q T S L D Y T N V 

CTCCAG CCCCAC-GCC-TAG • 
L Q P H A *■ 



. ; PCT/US91/00491 
WO 91/H456 . 

Fi9 " 2B CH4 domain . |mep s^ment 

isofonnn 

H C G A G K 

CCA.G-me.1 segraent-me.2 exon 



WO 91/11456 



PCT/US91/00491 



Fig. 2C 

CH4 domain \me.2' exon 
Isoform m -GTAAAT-CCC-G GT-GCA-GCG' 

V N PGA A 

GTTCCTCTCAGC^CKjGGKK^-GGG-GAG-GCC-CCA-GAC- 
VPLSH AA G £ A PD 

CTCCCT<:GA<TA<^C<^GGT<Xn'<XL\GCCGCA<X5C- 
LPRLHQRPP APR 

CTA-GCC-GCGGGCCAC-TCACGC-TCC-ACC-AGGGCC-AGC- 
LA AGHS R ST RPS 

XirTTC-TCr-GOC-AGC-GOCTOA' 
F F S A S A * 
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FLUORESCENCE INTENSITY 



FIG. 5B 
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FIG. 5C 
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Fig. 6A 
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Attachment to form PCT/ISA/210; Box VI: 

I. Claims 1-11, 15-1? and 24 drawn to monoclonal 
antibodies, hybridomas, chimeric antibodies, anti-idiotypic 
antibodies, chimeric anti-idiotypic antibodies and immunotoxins". 
Classes 530,435 and 424 subclasses {387 and 389), 240.27 and 
85.91. 

II. Claims 12-14 drawn to isolated DNA constructs and a 
transfected myeloma. Classes 536 and 435, subclasses 27 and 
240.2, respectively. 

TIT. Claims 20 and 21 drawn to a biospecific molecule and 
bispecific antibody. Class 530, subclass 387. 

IV. Claims 25-27, 29/27, 30, 32/37 and 35 drawn to 
peptides, nucleotide and DNA fragments, and monoclonal, chimeric 
and anti-idiotypic antibodies. Classes 536 and 530, subclasses 

27 and (300 and 387) respectively. 

V. Claims 22,23 dram to peptides. Class 530* subclass 300. 

VI. Claims 28, 29/28, 31, 32/28, 33/28 and 35 drawn to a 

peptide, nucleotide and DNA fragments monoclonal, chimeric and 
anti-idiotypic antibodies. Classes 530 and 536, subclasses (387 
and 300) and 27, respectively. Group I is directed to a first 
set of separate and distinct products. Group II is directed to a 
second set of separate and distinct products. Group III is 
directed to a third separate and distinpt product. Group IV is 
directed to a fourth separate and distinct product. Group V is 
drawn to a fifth set of ; separate and distinct products. Group VI 
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is drawn to a sixth set of separate and distinct products. PCT 
Rules 13-1 and 13.2 do not provide for multiple distinct products 
Within a single general uruentiue concept, • 
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